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(57) Abstract : 

PURPOSE: To provide a manufacturing method of ferroelectric 
lead zirconate titanate, which is used in a semiconductor device 
and has a low perovskite phase-transfer temperature, and the 
semiconductor device, which is manufactured by using the 
manufacturing method thereof and has the high-speed 
characteristic and the highly reliable memory switching 
characteristic . 

CONSTITUTION: Before the step for forming a lead zirconate 
titanate film on a substrate, the step for forming a seed layer 
comprising lead titanate is included. The lead titanate seed 
layer lowers the phase transfer temperature of the perovskite 
of the lead zirconate titanate. Therefore, the lead zirconate 
titanate having the excellent ferroelectric characteristic is 
formed at the low annealing temperature. 



(19)B*HftSW (J P) «2) ^ ^ # M= ^ ^ ^) 



(limSfttiH&H*^ 

#H¥7 - 99252 

<43)&W B 7 ^(1995) 4 ^110 



©Dlntd.' 




F I 




H 0 1 L 21/8242 








21/314 


A 7352— 4M 






21/822 










7210 -4M 


HO 1 L 


27/ 10 3 2 5 J 




8832-4M 




27/04 C 








(21)ttB#<» 


1*H¥5 -333827 


(71) fflHA 


000005049 










<22)tfilBB 


¥J*5^(1993)12fl27H 




*IBftfcE*Rr«^Kfi»»r22»22^ 






(72)389I# 






0 8/0 8 0, 6 7 2 




T^U*-&*H /*-5W 24060, ^ 


(32)«JfcB 


1993^6^220 






(33)«5tts±g;a 


#@ (US) 




3006 






(72)5SW# 


^- 3>£f 








7^U*^*ffl *U7**-7 94536, 








71/^&>K ^X^-f^ 2939 






(74)ftSA 





(54) vsmo&m imwm<»9^&mf*n*m^it*mmm 



(57) [KM] 



p 7 7. "fri *~ 




e so 
PZ 



T; V 



•o to too 

FT 



[4mm***>ish] 

[R** 2 ] «rlB^-^ Vlfc^a ^»«B3& S 30**6>75* 
yP%£Oi^;v=i 7O*»fe25-=tA'%<07-* 

[fl**3 ] itfjia^* ^»fti«*5 ji^sata^^ vtts* 

[R**4 ] 1515^^ >&fe v ^53^/l-% 
[R** 6 ] fMW-# viMBKfe •tunWE^^ 

fee 

[R** 7 ] mJta^* yi^a >K«BKS:«fi6-r 5 
xerotic flffi^v^Kir^-^i-sxasrS 

bt-S-g-r^, R**3fcE«<Z>«3S#ifc. 
[R**8 ] *trlB^^ ^^R^450 < C^^550 < C£OT 

^marcr^— ^stis* r** 7 KEtt<z>»ifi* 

[R**9] S^±(-^- KJlS:f¥»i-Sfc«>(-Ka 
*i^^>IMBil*»Sl-*-SXai:. *5£Wfc->-KJI 

[R**l 0] fUISf L ^>^v ? /v=i^^ib v ^30^b75 
*/u%©^aySft, joiU t 70A^25^>'W%O5 L ^>' 
Bt»3&>fcftS. »*3l91iia*o*WftS6«o 

i^/v=i vB»BtSr»tf;SJxfc«rEa«A J 50O < C3&>e>7OO , C 
<OT = -^fflK-CT=.-^S*v5, 111**1 oke*© 

[R**l 2] «ria^^^»^3^»«&^#5i53-=e/w 

6, R**l 1 (wE*0*Wflcj|fiKo 
[R**l 3] «Ha*-*^IM&BI*5J:W^>i6^A' 

-er^-^sns, R**i 2*cia*8o*wfle3Sii. 
[R** i 4 ] me^* ^iwaiRfc *tf«rE^* >^ 
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2 

** l l t£E«fctf>¥*#§£Ko 
[R** 1 6 ] ttlEf^ >^#SJ^^450 < C^^550 t Cco 
T~-/W&^TT~-;V£ix£. R**l 5lcE8c<0¥ 

ir**i 7] mmt. wtmmzBj&ztitiT-si' 

[R**l 8] m^*>m^^=>&$&&30frb7b 

1MB** ft 5. R**l 7l:|a«Ol^ 0 
[R**l 9] ^E^^>^^=>^fe v ^^)53^^ 

5, R**l 8 KEfc^WfHStl. 
20 [0 0 0 1] 

feat;, *oi5ft»5fi*ft»-tt-3"C«3t*ttS^W«: 
[0 0 0 2] 

y ("DRAM") ^M¥£&9^yj*T?±x**})<D&0 

scon, E«sftfc^— 

[0 0 0 3] Xfifcf b y = >^DRAMir/^co = ^=f 

XKfti/y=^«>R«*ttW:«WiB:<. *§4-C£>5 0 • 

*JcffioR«ft:»»Srfflv^rK>|IRd5fTfc)ixTC^. r. 
40 roJ: 5ft*Ra>^< o^ii^>7^t-oimi: tt 
?n<D&m#<D£ 0 ft»R«**t»«rfflv^S r i: lc£L& 
**to*"C^6. PZT«lR«i»t»tt:, *<OttSi»tt^ 

J; 9, ^^RW^^i-WilwSFaroit^SrtfcbLr 
v>5o ^^><t 5 ftK*<0— «l*3|fea«fflFJB5 f 109, 357 

[0 0 0 4] ?l\<Dftm\^±Z>h (E. Sawaguchi, J. Ph 
ys. Soc. Jpn. 8, 615 (1953)) , MRttfWiirEMR 
m^ffi i: WftlKiT i iSjK) 6 *^%-e«> S. T i "&*ffia 5 6 
%Srax.5PZT«afi£tt-T-<TS*R«*««t-*>S. 
50 fflv^ixSPZTO*lfiKtttt53^^%OZr*5J:t/47*/w% 



3 

<Dl\ (53/47) «r&*rLT*3?K ^sfchnfcTs'^fi* 
# (morphotropic phase boundary) tcffift L"C^5o 
^««j*W5£*-*5V^-CMPB«fi8: (Zr/Tiit*#40/60j&»&6 
5/35<D©fflXfc5) Jciev^ajSfco3SBI«;(tR3&Sii5aiA»o 

[0 0 0 5] 

5 *-r*SIH] P2TKSra«E<Tt>ixT 

^gjlR^fr^-Yo^oTfaSrJRritl-SA^fe-CfcS. PZT 
i^o^^^f h*j3tiSH*6SJxSffiK»ia* (Ti 

(Te j&m&j&&±Tf&m\zm\<^timm<7>mm 

53/471fc*OPZTB»c#'rsr=-/v«a«W: 
ii*. 650 < C^^>750 < CO|£iax*fc5 o rft&OT=-A' 

K«M-5o Sot, ffia-<n^*>f 

[0 0 0 6] ^n^*-f btBfe&te, WfiltiaoT 
SiaSixSr tdS«tt»ic«#*ixrv^S (K. Chen*5 
«fctW. Mackenzie, in Better Ceramics Through Chemi 
strylV, B.J.J. Zelinsky, C.J. Brinker, D. E. Clar 
k, *5 «fc Xfb. R. UtrichS (Master. Res. Soc. Symp. Pro 
cess. 180, Pittsburgh, PA, 1990), p. 663) „ SO 

ft ("SEM") (C. Kwok^SJztfS. Desu, Ceramic Transac 
tions: Ferroelectric Films, A. Bha 1 1 aipi (Am. Ceram 
Soc. Westerville, OH, 1992), Vol. 25, p. 73) 
oXWft£tiXZ1t 0 *a>W3CfcJ:B53/47tt*©PZT'< 

t)K *ti?ti, 441kJ/^*5<tl5112kJ/^VT*fe5r t 

gttfl-**^*— * 9 liSMcBSt^ iri&s^SJxfc (C. 
Peng^oJUJ^S. Desu, in Ferroelectric Thin Films I 
I, A. I. Kingon, E. R. Myers, j$£Tf&. Tuttle«(Mate 
r. Res. Soc. Symp. Proc. 243, Pittsburgh, PA, 199 
2), p. 335) 0 «oT, P^oTft^fe^n^* 

[000 7] KXSJCi 19 y^fi^OJBflfttii** 5 
iS£>ibix£ w £ (M. K i maga i X U*G. Messing, J. Am 50 
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Ceram. Soc. 67 (11), C230 (1984)) *3 * tf * * 
5/^yuR<DJKfiK*s{gi8SJx^r t (K. Mi I ler&^U^. 
Lange, J. Mater. Res. 6, 2387 (1991)) j&s*Sftfc. 

[0 0 0 8] ±EB8JH(-«^r<c$ixfc 1 bo 
[0 0 0 9] 

70^ib25^-yv%<o^^^fe v i:^b^^o 

^ = >m&m*rtf& s nfc«rES««:5oo*» 700^0 
— /was-er—— -M-axasr* feics-a-Lxt «fc 

550 , C*«cor-->'WaST*T^-^$^T^^ 

[0010] ^btc, fc5jll6«-ett, SttlE^^vK^ 
/vavRJBlKSrJBfili-rsxSoTO*-. ttlS^^^BSfaK 

0ijT*li, tJl2^^ >'»eiR^450 , Cd*fe550'COT=--^ 

^«±^->- KJlSr^«i-Sfc«>«-K*tE(^^ 
KSrJBriE-rsxai, ^ct^v— K«<0±l-^^ >^ 

%<Dis;\s a ^tt«B, *5 «fc l/70?i^25^-/v%co^ ^ ^^fe v 

«riBa4E*s5oo < c*>e>70o , c<oT=— Maaxr^— /v* 
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5 

*3 i t5WIB^ * = >-B*»K S ixfc WES 

v\ 

[OOll]*fc, fcfc^ffiWTte, WE^*^Bfc^ 

[0012] fcsssjSM-oii, 

£ 70*> fe25^v%ro^- * >*«B*» b^ot^J:v\ * 

v^v= >-^fe v *3<}:tJ t «j47^^%cD^^ 
[0 0 13] 

Mia.tDitvxDi'— kxs, jsi^ofia^ajcttoT 

«5SSJxfc**flcKK^BIi-5. ("PT") H 

&^7 7>fTX«±K:»/a-r*. PZT«K«:PTJi±«£« 
riM"**:* PT-PZTKdS»P>ns 0 PZTWK© KJI * 
LT«^i-6i:^tC, PZT»«©^o^nr|id»6>^ 

[0 0 14] ±3z6O»**fcfcfc^PT»<0f1Um«T0> 
Tl^ 0 -tott*. PTJlte, *(^±Ji^»fi8$n5PZT 

-So *e>*c, pzTHi<ott»*iaso*ffi^^^-, r 

[0 0 15] PZT3Uc:fc5U>-Cte, /^D^pra^b^ 

[0016] **wttisv^«(E»ffl«*wi-5a»mff 
r, pzTtraao^faK^srffite^wW'Rt-afflb 

[0 0 17] 

[0 0 18] PZT3WRW:. a*fl:^»o*Sl:aot 
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^usK^^KO^-^WKit C 04M) *»5>»j3tS*i 
5. B*ftfc^^5^afflft*^Zr*3itKTiT/V3 

10*/u%©iMjftPbfc, BiKfrBlJM-SIRI-fllv^ 

iz / — j: t/ft tt l x 0M\zm v * 5 

$:^KLfc 0 Wlg{*:co|i®}OP^t46. Yi*$J:UU Saye 
r, Ceram Bui I. 70 (7), 1173 (1991) fc^ttSft*:#tfc 
70 irHWCfc*. Zr/Ti<0{fc^«»itd5*4S7o0^v 
Mlf:. ■^fcZr/TiJfc*ttO/1(XK 30/70, 40/60, 
53/47, 65/35, 75/25, *5J:OT00/0%Tfcofc. Cttfe 
©Wiflt^ LfcB©aS ©^r ir 7 ^ ^ !/ a 

/v - y^ifclc <fc o t J£je£ Lfc^T co$l<Ojfe&f£te B WJBjS; 

[0 0 19] |»M«:*JBf4*7r^r»«±^«i«S:^ 

20 y^-v- Bt«r^y b^u— HJbfcB** 150 

— r>T ^^*5 J:tJ^— ^XS*rl»9iS"**w * SSI* 

[0 0 2 0] *3BWWXoWXa3&*6>*6«iS*&JC*3 

ttss^coxati, ^?>m$s (pt) <c»a<*t^ji (o. 

4M) l:t 7 r >f 7S8±i:»«t5I8"C&5. 

4 ^?n s X tf ^igS9000rpmT30S?P^ff -p^io 
*tcjR*:150 , CT5»IB^<-^ UT, S«L*-e500t:"C15 

[0021] as 2 BfarojadtfeitfBfa^nc 

SSr*"t-5PZTKS:PT-e««Lfca«±(cjBjjfci-S C i 
^**tS. #5^altj»tt«^c:*5V^rtt, 53/471t^(OZ 
r/Ti<sa*feJ;t^ff*300nin«r«it>oTfTofcj|*{w«-3 
l^BRLfc, -t<Dj«fcTtt, rcom^tcJi^PZm 

40 Vjig$r1500rpmi: L, ^ tT ^ = — 7 1 >r V^*3 

^-^Sr2a«kf9iSi-r tJcJ:9PZTBt«:»fc. *»o 
T ^ — $r 500*C A * b 750^ co® IS co T --^i&fi "C 

[0 0 2 2] y/^-y^. W^M^ft? (MOD) , *3 

ioVNT, »jSSlxfc*4roPZTBItt-*»c#*JWI3t*: 
^ri-^o M^7^^ngi;^^t, Bffl^»»« 
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r*5f9, s. ^o^D7^b^o^ 

h^£Dfgte^tf)f¥>&BI4, Ceramic Transactions: Fe 
rroelectric Films, C. Kwokioit^S. Desu. (Am. Cer 
am Soc. , Westerville, OH, 1992) , Vol. 25, p. 85 

«<B»ttX»EI*flr ± 5«*L#5. 53/471fc^<DPZTB£ 

L/t*£fttf-^£r2 9 #31. 3' , 38' , 55.5° tc^T 
-5 0 P^P7«ttS*T^n- Kft*#fttT— 
2 6*529.5* , 34.2' , *5J;tM9.2 0 
[0 0 2 31 0111 15#m©— 5£Lfc7=— 
500 < C^b650 ( Co^S'CT^-/v^nfe53/47it^(7)PZT 

ot, C<0»g\ 53/47Jt^PZTM(;i:^TI4TiP er f4 
#5525^^*) <9 , T c P er li600 < CT-fc^ o 
[0 0 2 4] ^(OSKtftf^^Stft (PT) *»fctt^ 

;v=:^i&jB (PZ) tcss*-eo*ftjatoBl<o±-e<fofc Q 
S6*SrE2^*i:«>'t^i-. B2I4, T=-,M&**3.fc 

TtS£O^Fffi^LTV>5o Zry ^^coTiP fir *3<tmc 
p* r l4Ti y y^ft^-ttuJ:?) <?Biv\, PT^T c p° r 

ttSOO'C-efcSiS, stints B3/A7it^(D?im<D^:tiX 
fllOOTCifiiVS 

[0 0 2 5] i&j£<D|is$:£ Lrffi(E»ta**sK*i-*{t 
f^ItlujtlDiT, PZTBtO^o hfg(D$^n 
ffijgasE! 3 {z^k-rx 9 (Zr/TiJfc*) ^itVMcJ; 

oW49»4ot< 5„ PZTJ^O^n h*B<Z> 

*> p>30/70W:*oPZTB((c*5 v (4, ^f B 3taSii^^ T /h 
£< (^,0.3Azm) -tLT3B*ttft^*tt«*-C/h* 
t\> 40/60d»e?65/35Jt*©PZTIR(c*5V^TH, 
l4fft*fc::**<ft?K 

4o"C^5o 75/251t*<Z)PZTBI*»e>PZR^*3V^rtt, IS 
TiJR-^«ffT?OPZT«tittt'i-Si:, *Sfitt«l4Sfel- 
**<<C5. Sfcfc* Tiy ^ftPZT]^lc:*5^TI4 (PT 
K3&»fe30/70Jt*OPZTi»(cS3V^Ttt) *Sfittftl4T~— 

4 hta<ojBja;ASTc« ier £JL±-Cfir*3ixSt, mtcteT-— 

#fiBW«-, Zry s/^-*PZTBtlc*3lt* (65/35fcb^£OPZT 

K*»e>PziBtJ:*5(ts) 

8, *3j;l*9tt\ Rft6ia*(C*3*t5PZTBlOteS*ac^ 
M^LTV^o 1411 550 < CT*T~-;i'L*:30/70 
tt*W»fi8, H5tt, 7(W < C-C7:=— ^Lfc3O/7OJfc*<0 
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»dL B6lt 650 t CTT^-/WL^i53/47W:^cOim^, 
H7tt, 700 < C-CT^-^L^:53/47M:^co^, (§18 
H 650^T-T~-;UL/c75/25ifc*^m]5SU ^LTH19 
14, 700 < Cr-T--^Lfc75/25it^*a^Xfe5o Ti y 

[002 6] r*lP><0^ *p*iS0>«ISU:S<5< fc % Ti 

mis.iti&z-b&n'fcrz. Tiy s^teo*^ ±x<d 
«»jS"jSBft*-f haHH*s*bfc«K wnzas^x* 
j yma&±K#Zo Ti y y^tt^asfttt* 

Zry s/^*S©»£\ TiP» r "C»dt*ix/t«o*is* 
3tlc>ft < ft 9 , «<z>ia £ A, if # ftttittl- 

rorir^Zry y^-*^^Kc*3V^r««Sixfcw 

[0 0 2 7] **W^>— o<DXa**btt2>»5fi*»*C*5 
V^Til PT£*«3K:*J*-r*Jii: LT^bfc 0 ttV^T, 
53/47J£^PZTm£PT^±tc^J*U 450 e Ca>fe600 < C 
fcj&»«-C\ 25^£>P£R|£*5i>T, 15#B0<O— JEOT^— 
;vftF B lt7 Lfc 0 £Jl« rix ^> — ^R^PT-PZTR 

[0 0 2 8] T=-/uffiKi:«FPfl<oH»i: tTcoT c P er 
co^m^Ell 0*5^:1^1 l oxSIIUtFr^^-Xc^i:^ 
T^-To Hi 0(1 — fc<D\hftV%<OT ~— yu«FWC»l 
PZ-PZTRcoTcP er ^525^X^5 - t Sr^LTV^S. T=- 

— ^^Snrv^S J: T c P er 14 S btrSOO^tc 
lST-f5 e iot, 53/47tt;*<OPZTIK<^*ae»ia*l4, 
^-K«j6S#«Ei-5fea?>(c, lOO^teT-f 5 r t tcft 

So 

40 [0 0 2 9] PZT*K3Kfc:*3^Tt4, «»** J »5iS!:B 

b'ft-5Sig^ffitcJ:STcP er ^ffiT^, ^p^*^ ^ 
JBdtO»»fiRStt<b^^^=¥- WIST i: HI UT t ^ pT 

3i*/V^--e*>5 0 L^U, r>-f^^^^^r-(4PT^- 
KB o#«ET-CPZTKiS»* S Jx 5 J: o T 3E{k 

^"5 1 bOT-i4ftt^ iot, z:ocoXS^b*6J!3fi* 
Sro*5!fta*(4*ffi^*^^-*(ST**5- i:*-*> 
50 Z<DZti>mj&tiL<0&m$: mm 
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[0030] <Di&T\*pn/Pim&zxiPZ 

PT*5<£ t/54/47Jt*(^PCTfitt*icjE*4*<0' 
#>f hlT «iS«:*LTV^. PT*5j:tf53/47H:*oPZT 
«aE<0*^9^— ^ a*5ir5ctt, ^rft^ift, 0.3899 
*ij;t«. 4036nm, -^LTO. 4153*3 J: IW. 4146nnrefc5 0 

0. 4758*5 2991 rmrCfc* (Powder Diffraction Fi I 
e, Inorganic Phase, JCPDS (International Center fo 
r Diffract ionData, Swarthmore, PA, 1986), #6-452, 
#33-784, *3<fc tf#10-1 73) 0 PZT/PTBB«>ffffi"Ctt. a* 

^#*-e'tt0.2%**Tfc5, PZT/*7r>rriH<Offffi 

[00 3 1] 112, 1 3 *3 £1* 1 4 fi, eso'copia 

^ffo5o Hll Kflt&WSfc^PbTiOa (PT) 

K«r, 111 3tti^— KBISrWi-553/47Jt*OPZTKS:, 
HUH, KJi**£fc^53/47Jfc*©PZTBt&*ft 
W^i-o K***S4v^53/47it*(DPZTK<7?»* 
&g (1314) tttt3.0mn"t?*>D, 5/— K*Sr*-rsK 
<Dttfitta±9- 3 lff*#v\ PT-PZTKoj»fttt« 
(Hi 3) I*, PTv— KRo&AttS (Hi 2) 
DHrV\ r<7>m£Sti, >— KJlAS^n^*^ MB** 

LTl^o *BlE»ii««i«»fiSI-3eiB*nSfc«>, PT-P 
ZTKo«*ttStt, JB4»3ft5StM-«» M>t>^) 

fcSjfiSI*, f&^-tf^ (grooving) 

(S. Desu, C. Peng, L Karrmerdiner, 3s£Tf 
P. Schuele, in Ferroelectric Thin Films, E. R. Myers 
*5£lM I. Kingonli (Mater. Res. Soc. Symp. Proc. 2 
00, Pittsburgh, PA, 1990), p. 319) . 
[0 0 3 2] ±!2(DJ:ptc, «(E#«fi&#ttK8!WL 

J£, 30^^75^^%^^=! vgei&i:, 703&»e>25*^% 

>»S^u=i >iM&36S»53*y>%a>^V3 >-&$S*s £U*) 
47*yb%0^^^*«&d»fe45C tdS»*LV\ 
[0 0 3 3] £fc, ^^^Kft^i^^^K^a 
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^8ftR«)7i^vWHi, 500^b700 < CcoteS^*>5 
w£jflS#*Ll\, Z<DT~ — /Mafttt:, 500a>b600*Ccc> 
ttBB"C*>oTfcJ;v\ S&lc :i07-- A-ifi&li, 50 
0*» & 550t:<D<5H "Cfeo T * V \> 
[0 0 3 4] ^^^»^/w=^K«&R*:JBj*i"5 

rfeiv% :^7=- ;Waftfi, 450 , C*»fe550 < ColSH 

[0 0 3 5] 

JO I^^OM) #SMOloOlS^bi5H3i*ftl- 
PT»dS*tE±Jc»fiKSix*. PZTWKASP 
TJf±lc^j& PT-PZTR##fc:h,S. PTBItePZTil 

Oi/-KIi:irtiL, PZTKO^o^nr»*»6 

o-C«it*ixfc«)PZTIK<z>*a<E»iftS± 0 fclOO'C'bteT 

[0036] t(Cj: 9, PZTR<DT~— /ust 

nsttabTRWttMBimff^SrWi-sMHIBfrPZTgl 

[0 0 3 7] *55Wii*Wfr5S««>»ifi*ft(-BBi"5. 
^tv^7^7^t^^^y<^)J:^^ 

[Bffi*>«¥*IW31 

[Hi] ^S^^«it7^-/H^^ K§*tT 
tti^53/471t*C5PZTI»<OXl»iaSr^^--> f "CfcS. 
[H2] ^o^-f h*B, ^n^*^ hir^P^ 

IB 3] **««i:Ti«*i«>BB««r^"r^7-e*> 
[H4] ^JSMt^itS^o^^*^ hf@0^®^¥JC 
[H5] ^SSW^^WS^o^*^ M££>KfM££X 
IB 6] #*Wc:fc#*^n:/*#>r Mfl^Stttt^X 

us] **Mj-*3it5^o^^^ hn<om®im&K 

IB 9] *36Mic*3ltS^o^^*>f Mf<oat»tt^K 

50 Tfc5 0 
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